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(54) SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress a short 
channel effect of an FET for which a high dielectric film 
is used for a gate insulating film. 

SOLUTION: An element separation insulating film 102 is 
formed around the element region of a semiconductor 
silicon substrate 101. On the silicon substrate 101 , a 
sidewall insulating film 107 comprising a silicon nitride 
film is formed, so as to enclose a channel region. A 
Ta205 film 108 and a metal gate electrode 1 1 1 are 
provided inside a groove, where a sidewall comprises the 
sidewall insulating film 107. An inter-layer insulating film 
104 is formed on the element isolation insulating film 
102. A Schottky junction source/drain 1 15 comprising a 
silicide is formed on the silicon substrate 101 at the 
bottom of the groove, where the sidewall comprises the 
sidewall insulating film 107 and the inter-layer insulating 
film. A source/drain electrode 1 14 is formed on the 
Schottky junction source/drain 115. 
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c©y- hfftaw±c»iaattfcy-- hwst, 

Wfiy- h S d t (D'Mts. < £ t>- 

u©y>j3 >s«± km* $ n^y- h <b . 

•?MIl/fcNMI S FETtPM I SFETtSII 

S.-P^f|f2NMI SFETMPMI SFET^fitfirrS 

[S*3S3] tfJEPMI SFET©V-XWHK> 
->UlJ-f h'Wtmii. KPM I S F E TOf 

ffiENM I S F ETCOV— XBLtXHW"-f >£UtfirT-5 -> 
U-U-'f HO*J»tt. gENMI S FETCD^v^HC^L 

TttwstTit/h $ v > c t. *«&m-z>mim 2 ice® 
t ^^itt-r^H*^ 1 xtt 2 icE®<z>¥&#ng. 

s c t zmwit? sts am 1 x« 2 tcEtfc©¥##g 
n. 

MI S F E TOV-XSy K K SSOT® 

^iiHy-h«cD)£®tc^f2->'ja>s«^@tiis-a-. m 



MEM I S F E TOV-XRt; H k-f Jgi^E 

MEv-u 3>*«£itfiEv-7.tt&Rtf Fu-f >tii 

F8t*«WtUT, V-XRtfFWf >SB)«t5lSt 

1st. 

PMI S F ETRtfNM I S ETOV-XSZ/ F V-i > 
CD^^M^fflcDSfFEBraiSsfe&IK^S^WtC^b 

iiway-h*<o*iiicME->U3>a«s*«iaa-a-. s 

St, 

t, 

PMI SFETCV-XWH W"f >©0ja^3t««CD 
lt?fEJiffl3&«ft&£l&*LT. JKffiKi»E^U3>i6«0 

iEPMi s<nv-x/h*^-i*>igi^t, Mliro&JBJ& 

£it*&#-Jgj£U PMISFETfflV-XtiRU!H 

tUE>''j3>S«ci:ttlEPM I SFETC7-X1IR 

Jg^-rfc^'J+M' HBt*»J«bT. PMISFETCV 

NMI SFETCDV— X&tfFl-f >C0Jg^^®» 
li*EHfHil&g^£|SNSLT, JKg|5{C|frE->U3>a«CD 
35lBd t §itii'3"<5NM I SfiUV-X/ H l^-f >*S£fl2j£T 

ttiENM i sfi'jy-xy h* v-i >m?i\z. m 1 o&mm 

NMI SFETCV-XtSRtfHK 
iEi/UH^tiNM I S F ETCV-XtiSl^K 
f-S^'J-y-'f KJK*^bT. NMI SFETC7-X 

h V"f >^^-r sis h ^ts z\ t 

tlA^ASnfcX^X^>->3 >MtS5iUt5Ig 

S«lE-> 'J 3 >&1£±KJi MieiWK««fiK-r 5Ig i , 
MI SFET^V-XRJ/Hl^-OCD^BR^^WCO 
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fusy- bmowm\zmmm.®m*Mf$.?z>j:u£. 
mmy- b strap ox. 5 x y > -> a >m*£ \z% 2 
©W&l£#AU yv^^s^-raxst, 

MEM I SFET©V-XRtf FW>CDffi^^m^ 

e-> u 3 >s«os®*t®atj-r^ v-*/ h t-r >$S£ 

MEv'J n >S«titfrEV-X«ffiRtf h* W >tSt 

<&^tf z. t. z 1 1 z e>mm.J5&o 
m&mi 03 mmy-bmm&.zfy-b&m&\*. & 

MI SFETCV- XRtfFl-f >©^f!£ffittOi 
flhEV-X/ h* Ix-f >#frtK&JI^£Jfia&&^)£U 

tne ^ u n >s« t v - x m@*j «fc if- h u-f >ms t * 

mt*y- h^^m-r^xst. 

MEy- h«(D«i^ic{9iMite»M*^-r5XiSt, 

m-tzzs*} n >*«©a®tcy- hiife^^^-rsx 

[0 0 0 1] 

ffl^fcM I S F ET£^£¥W#ggRtf¥&#&M 
[0 0 0 2] 

[«£jfc©8fl5] MOSFETlC^^;i,y-h^>iii^«^ 



7-b&®m*mm-rz>tztt>\z, ys-y-h^ffl^s 

^PirX (Replacement gate process. Damascene gate 
process) AtIg$ntV>5 (#^:£itK : A. Chatter jee 
et al. . IEDM Tech. Dig.. (1997), p. 821fc«k«^A. Ya 

gishita et al., IEDM Tech Dig. (1998), pi 785) . 
[0 0 0 3] z.z.~?ys.-y-h?aizx£\z. 

- b %Bf&-rz%im\z'&-?ffi3k'rz>m^n;T<Dy- b * 
fiKL-fcco-fe. ^=-y-hSr^*Lfc^, y=-y-h 

[0004] itsmi^ 
Tbj^oT, -y— h»^coj»xe*4 5 oretTc 

ha^^m#:y-hi^^^MOSFETtCigffl-r 
[0 0 0 5] *:?;!/y-K h i g h - k^- r-*6MyK 

b) b?>z;x*<Dmm&.\t. (i) ^3— y-n»rt 
* £zmizvrcs?>\zT:mm<±miz®m lt b s ? n 

£, (2) y-h«#©7U>^ (b^-fcb) ^sts 
3 L y*)V%3ktf i £{ttZ>Z\£ m^Sm. : Baohong Chen 
g et al. . IEEE Transactions on ELECTRON DEVICES. V 
ol. 46. No. 7. (1999). p. 1537) , (3) JBI/"=,*t-5 

£<e>*?)iy-boti:mm$iitf->v f*-v 

[0 0 0 6] 

[^^i^b^'Si-rs^s] ±aibfcj:^c, 
-y- KD^s.^*©fc*irxe^c*^*ii'ii»p-r 

( b*fc* b) ^*-c@y ^ *)i$im*&<t? z £?^? 

[0 0 0 7] *&BM<D&M\t. y- hif£^RU:y- h 

mffiic^-n^niii^a^KR^M^ffl^fcM isfe 

[0 0 0 8] Sfc, ^BjWglJCDgftte, y-hM^lK 
[0 0 0 9] 

e w €r«^-r s fci* tKT ©«fc ^ \zmfct: nx ^ s . 
[ooio] ( i ) *ftmzmt>z>¥mfcmm\$. -> u 
p>a«£, ^o->'jn>s«±icjgj«$nfcy-h«6 
wt, c<Dy-hiffe^±c^js$nfcy-hfis 

£. Cwy-hmS*Rtr«k5^E->"Ja>»«(c)K 
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(4) 

5 

y- h tutRotm tflmwHir * set. r wtiiia 
y- hm@©«Wtt^»|-cabs c <t©d>& < <t #© 

[oon] (2) *miK.%tmm&$m!&. v y 
<t. c©y-hii@*ifctf«fcMcii5f2^y3>s&*>e» 

^■n^n^tiL/cNM ISFETiPMISFETi* 

gmTzmmfrmwcib^x. may- i-mwmvmi w 
itmmnwmx$> sci, sons lay- h ms©tmtt 

frl2NM 1 SFET&O'PMI SFET*i«tii/'J 

[0012] cc^ugfl^gtcfc^-ctt, i?iePM i s 

FET©V-XR!>*FU>f>£*&(£-rS-> yy F©tt 
&PMI SFET©^ + *JKC*fU-Cft^M^:*5 

ftrtaNMi SFET©y-xRytFP-<>?:^ 
js-rs^yy-f F©*mt*. senmi sFETo^t* 

[0013] ±iz=.~o<Dmmi*mmtc&i,>x. grfa->y 

[0014] < 3 ) *mncmt>z>¥mt*$is<DMm?> 

<fc. M I SFETWV-XRtfF W^^J&^SRi^ 

ra©«5ie@pa*e^)g*^w«:^or. y-F8t*jfc 

•r-sxfii. Huisy- h«©SM(CH>rfai'y =j>as«r 
sms-tt. sm-r2.->-y=i>sfi?©^ffitcy-hitei&ig 

=&^*£TSXH<fc. MI2?SF«3«:y-hmg€:ffid&iA^ 30 
fiSr-SXet^ B5ISM 1 SFETCDV-XMFU-f^ 
©^fi£?^«gflS©miiaSHIiMM*K*jajRe«)(cx y 
t/c , jsa5{cmria^ y ^ >««©affi#&ffi-r S V 
/Yi"<>m*&m-irz>2Mt. B?iav-x/Ku-f> 

[0015] ( 4 ) *^(C^t>S¥^(*^^©Kj»^ 40 
i, PM I S F E TRtfNM I S ET©V— XStf F U 

or. y-h«*0RS-r-sxiii. Mtay- h«©ffliM 
(cfflijSite^^^-r zx.mt . BMiay- f «©ss«: 
tiffany =>>ge*&aj;*tf. sm-rs->y^>s«© 

^MCcy- Hte»lg€r0fiST-SXIii. 1513-^- F8ll*J 

{cy-hms?:a*&ii*ffjfiX-r-?.xg<t. pmisfe 
mz&kitisx* jgsp(cfjta->y3>s«©^H*J|gffl-r so 
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&pmi smv-x/v\"<>m*w,m-z>TMt. m 
taPMi s[fflv-x/Ftw>?frtcc. s&i©£lgj&£ 

ffl«>i£#Jfcj£U PMISFE T©V-*mffiRO* F U 

-onffi^/a-rsxgi:. uia^y =>>s«tBtriap 

MI SFET©V-*^g&0*KU-Y>m@£££JC£;i* 

«EL-r. PMISFETOV-XMFP-f^Mt 
■SXIit. NM I S F E T<DV -XM K U >©i^ 

^5£^©B!ria)ip B i*fe^M*i^*L-c. jsajtc|jia->y 

3>S«©^ffl*iSffl-rSNMI Sffl«V-X/KU^> 
^^•r^Xfi.!:. fjfaNMI S{9JV-*/FW> 
fltfttc, m©^K<hJtfcS#*4*>e>&SS&2©£Jil 

m^mhiL^mm^. nm i s f Ei<o^-^m&.u 

MI SFET©y-X^ffiRO*FU-f>mffii : &JSlE$ 

fiSOf. NM I S F E T©y-XRy K 1/ >4Mt 
SXfii £^t? . 

[0016] ±tazio©*»ft:^g©Kjg^{Cfct» 

■r. B5iay-hfi^^y-hte«iugtt. &mmmv 
msmm&xtei&zti* mi^>>) =t>m&tmz&mm± 
©jsi&i. 450 'c&.r<DU&xn t>tiz c tfiw* v 

[0017] ( 5 > *&wt,cmt>z¥mwmm<D$mj> 

i. M I S F E TOV-XRy ¥ U ■{ l/<D]&f8rf'feffl& 

saj-rsv-^/Fu-o^ffjfitr^xiii. taiav 
ms*j«fc^FU'f>m@«:ji5fiR-rsxifii. gflta^yn 
r. s««4^3^ h+-ss^*^y-y--^ F®=Sr^tS 

b-C. V-XSCJCFU^^^RST-SXgi. Mfav- 

xmg*j«t f u >t^©»(Sir •sffliffi^sffl-r y 
- f mzBim- i>T.m t . may- f «©wi^«:«iK 
^^ffjffi-rsxet. BSiay-F^jeaB^fai"; 
=og&£gffl3t!\ smr-2.->y3>ss©^ffitcy 
-FiteiS^^a-rsxgi. Biriay-F«rttcy-F 

[ooi8] [f'pffl] *^hj« v ±iatfifiEcc«fco'CfcrF 
©fpffl-jgn^w^s. 

[00 19]«±©J:^(Ct4<k. ^5-y-F©J^fiS 

j; zm&ft^mic a -s ee*© y v y- f y 

ni2X<fc9fcX!i^t*ycitiK:BiM-c#.&. $fcv-^te 
<fcc; F u >rSttfb©fc*?)©i«ia^p:g < ji^r l o o o 

mzm^x^x t>m? ■v*)\,$hm*ffi±x% + 
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[002 0] ttc, V-*/K W>*W4&UT % NM 

osiPMos Tzti^tim*: z Mm*m*tctc 

N^ + *;uct#br«/M&, gfcP^-t^wtttLT 
$>zi)K NMosttcttbxMtmm&wi^mm, p 

MOS^tttmfH^^^W^ffll^Ci^ 

Zm&CttcX*). NMOS. PMOS^tl-etUDOt 
[002 1 ]*fc SO 1 -MO S F ETOV-V K 

>0>35W«C*jW*^a ? h*-»S©S6*r, SOI- 
MOSFET©»«»J(HWH*WWr*, £/c, SOI 
^SoSfflKJ:^ FW>^r©y 

[0 02 2] 

[0023] [fliixWftB] Hitt, *»w<o»i© 

[0 02 4] 01KlijVf ^fti/ynyifil 

0 i<Dm*m®<Dmmttm*ftmmkmi o 2#»a3 

ntl^. S/Va>i«l 0 lice, ^ + 

[0 02 5 1 Mfi^fllSieaUI^5tt«»<DASk:. T 
a a O s ai08. ^'J7^^^TiNil0 9, AIM 

1 1 0^i^M$ntl^ o Ta 2 O 5 il08^ 
V- r«fi»M*C*9, /<"JT^*^T i Nil 0 9&tf 
Alii 1 0#-**;uy- h^gl 1 lt^i. 
[0026] *?aft*tM 1 0 2 ±<cMBttttN 1 0 

m£mfrb*zmo&%mi'Vx>mm 0 i±«cs/y 

iM K*6ttS5/a » F*H8^- V-X/FW>1 
W>1 1 5±(cv-VFl/^>flil 1 AHfiBOLS 
[002 7] CONMOSFETli, S/>; 3 <D 
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p n fg^rfr <S/«^t -«6«c J: ^ V 
<fcc>*FU'Y>£Jf!l>/c r^>^*£ (Schottky barrier 
tunnel transistor (SBTT) ) X?&2>. SBTT 

*%»Wtf«»«:j:oT»b'r*ct«a:^fc«t>, Dl 

BL (Drain-Induced Barrier Lowering) fci&ttfSCi 

*©TS -facto r«f, L*t*fi*Effi«<«a* 
[0028]^, C0NMOSFET<DHl»ft(CO 

ivr02-05£#MLrt#8-r£ e 02-05*3:, a 

l^UcNMOSFET (D$?jgXfI£^-rx|IKM0 
-CbZ. TMM^m^y^t. *t\ 02 (a) (c^ 

02 (b) (CtjVTJ^K:, ST I (Shallow-trench 
-isolation) (C<tS3R-f»«*ff 9fc«>* JRTjMNM 
20 CC8I3 2 0 0nmgKO»^«l, StfcTEOS-S 

[0 029] 02 (c) K^jVf <fcMt, J/ya 

1 0 1 mM(tC 5 n mlgOMt^J; K> S i O , 
■ 1 0 3£JBJStsft:fft. 1 5 0 n m?Ig<DTEO S - S 
iO, I^LPCVD^<t«Sltin»8Il 0 

4*sa-r&. cvmrmmmtz, ^©xfircMP© 

[0 03 0] &tvc, 02 (d) fc5VJ\fc5tC. EB6 
30 SK>y V«7 ^-CC<fc9MI SFETO* 

«*iCHn«t*"* U« M105 *#«Lfc«* U 
F«l 0 5 ^Jcy - ^SO' K U >f 

5e««B©jBim6»iiio4*:xy^>yiyT, y-h 

811 0 6tM«. 

[0 03 1] 03 (e) cc*vrJ:5K: % u^x 

hii05 *»*L/c«. > y n >fi{bR©iiSL r i 
Ea(a^x^>^fot, ^h»io6(Drti 

40 tf5 (Hot-M") . ca>y-nm oe^y-hJBisE^ 

[0 03 2 ] h7>^^tty-VFU-f 

r) mfrr&7£ttCDr. hJBfl6«4 5 0°C£LL<D 

*4ttmftft (Ta^,!, TiO< ft. Si,N«ft, 
(Ba, Sr) Ti0 3 . HfO, . ZrO, , La, 
O a . Gd 2 0 3 . Y,0 3 . CaF, . CaSnF, . C 
eO, , YttriaStabilized Zirc 
50 onia. A1 2 0 3 . ZrSiO, . HfSi0 4 . G 
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d,S i O s , 2La,O a • 3S i O, % ZV- F 

Mm (T i N, WN, A 1, W, Ru?) £ffiffl-T£ 
[003 3] toy- h&mklC8 0 0-1 0 0 0"C*I 

immwtw&\sx#~mm*mti;tc*). High 
- k mt > ^ vomcDiiiffiKRwofii^mw^ 

5o 10 

[0034] C Ct»y- Ft&ttRttf4& ItT a,O s 
ML jt&fctf — bttQLLX'*V7st ^)IT i N£A 1 

a-<^i, S3 (f ) tc^-Tcfc^cc, 

0 6/Sa5Cce>yn>S^l 0 l^Sffl^^, I nmWT 
©2/yn>»fc« (NOMt^^t^ FR) * 
fcf&TZo ^©XKTa^OsR (y- MfiikR) 108 
^fi4nm, CVDiSrfiSM-r^o CCD<t £ y~ F«M£ 

*^<t oxm^tmmb n mgg©^' y r s 20 

1 NR1 0 9*CVDffifcT»JiRU WU2RJ13 0 0 
n mm&<D A 1 R 1 1 0 * *ftT*tiiS-r 
[0035] #l>r> S3 (gr) CcSVi\fc AIR 
110, j**JTjt &)VT i NR 1 0 9RO'Ta 2 O s R 1 

0 8fc»ur*^CMP*fr5ctccj:or, y-F?fi 

1 0 6rtCcy ^JUy- Mil 1 1 £H#iA#0j£^- 
[0036]^t 4 04 (h) ^*TJ:^tc, yyy 

1 1 2£Jf2j£L/cf&, t^X FRl 1 2£v**K:Jtig 30 
iffiiSRl 04RtfS i O, Rl 03£***>yu y 
-VFi/^>il 1 3^^-r^>o 

[0 03 7] ©^ffi^Rl 0 4^x-^>m^ IS 
Nf&iftR 1 0 4 fiS-T -6 ^> y n T a a Os R 

i o 8RcM**>y- fusi i i#***>y3ft 
-f, iiJRftfcSio* R^xy^>y$n^^frrtf ^ 
Cicero, @es^#Kcy*;uy- hlil i i*» 

tP<fc^^V-X/Kl/>f>il 1 3eMt-Sci^ 

[0038] 04 ( i ) tC^T<fc 5 *C % t^X 40 

FR112«**Lfc«* V-VFU-f>il 1 3f*9 

#S&ii£ft£cfc5K:, ErRl 14£JtfS-f£. 

T, 04 ( j ) tem-f <£5K, CMPTE rRl 14© 

y-x/FL-f >»1 i3Wcy-Vh> 
4 >^@i i 4^fiS*r^o 

[0 03 9] #a>r v 05 (k) tCTn-JvfcSCC, 45 0 

TaaT©Mrr-~^*fToT. ->U3>a«i o l 

iV^Sl>'KU>f>lil 1 4<b£JKj£3i±T, Er 

S i , Wis*)? 4 F*>6ft2r>3 ? F*-g£ • V- 50 
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*/FW>l 1 

[0 04 0] y-^*Jj:O*KU^>0^«jl^OLS 
IS?j§:/n^*<L[^r&* 0 Tftfr^ 05 (1) cc 
^*Tcfc^CC, TEOS-S iOa R^6&SHH»3»R 
i i 6^cvDft-ej^u, v-VFu^lii i 
4&tf^£;uy-I^@l 1 l±ccn>^^7 h^-;l/^r 
RKLU A 1EK (±^SffiS) 1 17^7J^ 

[004 1 ] W±<D<t^Ccr^<!:, #5-y-F©J£}£ 

£V FU>f >r£14ibcD/cfecDlSia^p:e ( Mft 10 0 0 

[0042] $6tC, pnJg^Cfc< lx a F*-8^ 
tC£ZV~XRVt'l'J>*m^r:i<>2>tc&>. high 

-ky- h®SR^c^rc^rfc@^^^;^^RS± 
[0 04 3] Urfpfc, JWT©ck^^^^>y- h^n 

•fe^©^ y v f t>*<D££&mrz>o Tttfr^ [ 1 ] 
y- f*r i e-cu< cMPrunii-^fcfe, y-F*6 
i^Rcc^^xvyy^^^A^n^c^ msfoy 
-FlftMRir^juy- F£R I Eftix-riOtt** 

[3] y-Mraxf£, ^ffi^^¥ffifb^n^/c^ « 
v&Dwmnm&^micuz. [4] y-xfc^c/Fuw 

>ty-F <D(4g« tefryTvJl'X&f&ZtiZ. 
[0044] [SI2 0r)^jte^jli] @6«, *^W©^2 

<D^s©f^^^^^> c mo s f e T<Dffif&z^?mmm 
xbz>* H6» k y-hfi:frft©fftE£^LTi> 

[ 0 0 4 5 ] #5B!t0&»C NMOSiPMOS^> 

3 ^ h^-s^- y-x/Fu-f>*«jaf**«*m 

NMOSFETMS«m V 
-X/FU-f >m@l 1 4CCE r ^rfflC\ ->3^F^- 
• y-*/FU-f>l 1 5 f C E r S i 2 ^fflOtl^ 
^>o PMOSFETMWW y-VKU-O* 
S2 0 1CCPt*ffll^ ^a^t-S^'V-VF 
U^>2 0 2CCP t S i m^C^, 

[0046] xmfimrc fcfcy - ^/ F u >r >tt*4<t b 
NMOsiPMOs^^nens^c€>^^^Mf4^ 

fflt^/c/cfe, «T©<fc^^:^y ^ F^o^o -fftfr 
^a5rK-8« (Jg^) ^y-XR^FU^>CC 

[ o o 4 7 ] &mmmx nmo s f e Ttc^tuT 
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tett^H&©/JN£ftx;Pe'>Av'UlM' H . (E r S 
i,) . PMOSFETl;Wl/Ttt{t?H»0*fftP 
tS i£fflH5Ct^f40T; NMOSFET, P 
MO S F E TPt£©^Kjfi8f££ ±% < Z. £.immz 

NMOSFET, PMOS FETW-fnobf t,ifil 

[0 0 48] X.\Z. 16f;Sl&CMOS FET©$|jg 
#ffi£i5tBJ-f 5. I7~|9li, 0 6K^cLfcCMOS 
F E T(DfiitIg£5Vrig»rffi0T<&2>. 

[0 0 4 9] 0 7 (a) K^Tfliifite. Hi 1 (D^MBM 
K*5l>T0 2 (a) ~I3 (e) Zm^TWtW LfcZDfi 

[0 0 5 0] ifc^T?, 0 7 (b) CjKt\fc5»C, PMO 
S^**;i^jfc««©*Hifca&HKl'5*X bm2 1 1 
NMOSft^fMWCSliitSJ' 

U 3 >S« i o i os® i:h7>-^ bur nfitf&ESI 

fifflCD-f^>SrffiA-r-5. 0 7 (c) 

■5k. PMOS?t^M®«ISffll/-^X hJK2 1 
l£Pfc£Lfc&. NMOS^-^^^^^CDSffltCl/ 
■^H2 12SMLT, PMOSft^HfiEM 

[0 0 5 1] *5gBJcDh5>> J X^TttV-X/Kl/-1' 
>£->3 h^-SE^TfiST <«*.«4 5 CCBTF 
T) ^TS^WettOTr. y-bBf$.'&4 5 OTJBU:© 
i6M&fflSXg##«EL&^. Lfc^oT, iS^W^BI 
*9M»«tf« (Ta 2 O s M, TiO,l. S i jNJK. 

(Ba, Sr) T i Oj , H f 0 2 . ZrOj, La 2 
0 3 , Gd 2 0 3 , Y 2 0„ C a F 2 , -C a S n F 2 , C 
eOj, YttriaStabilized Zirc 

0 n i a , A 1 2 0 2 , Z r S i 0 4 . H f S i 0« , G 
djSiOj, 2 L a 2 Oj • 3 S i 0 2 , &£) h 

f&®m\z&m-rz>z\t&'cz, &fzy-hnmz\t*5> 

)Vm& (TIN, WN, Al. W, Ruf) SrffifflfS 
[0 0 5 2] 0 7 (d) (3^-r<t-5JC, Vi?7. 

SSM^iLTTaiOsilOS, MU7/WiN 

1 o 9iA mi i o ttmmznk.** )vy-\-m.w. 

1 1 1 ZBtiL-TZ. 

[0 0 5 3] ^CViT, 0 8 (e) IC^-r«k-5C NMO 

s^x^ivBmm.vm^famzMu&tt-rzvvT, 

hM2 1 3£fl^SLfc8h l^XhBl2 1 3£-7X*C: 

mm^mmi o 4^mnmz^y^yyv. nmos« 

V-X/h'K >i8 2 1 4&Bffc?Z>. *«f>T", 0 7 
(f) C^Tcfc^lt, NMOSffl!|y-X/Hl/-1'>^2 
1 4rt*aa6iitJ«t5C £®fcE rll 1 4£it#rr 

[0 0 5 4] 07 (g) JC^-T.t'St^ ErI 



1 1 4K»LTfli^lfl$WfIg£fToT\ JHIBUeftRl 

0 4 ©«B5£®m$-tt-T\ y-X/ K U-f >«I 114 
Srfl^TS. fL.T> M^.ti4 5 0*CUTF 0>&iaT>' 'J 
tf-f K5JS£ig;i£-itT\ V-X/HK>1S114 
i->U3>Sffil 0 1 NMOS9li'3 7h 

• y-x/ i 5 ZBtfL-rz. 

[0 0 5 5] ^t, 09 (h) IZtR-T£.oIZ, PMO 

s?**)i'Bi&m&<»m : ?-mmzffinm*m-rz> u->>x 

M^2 15SWtm l/^X M&2 1 S^X^fC 

mmmmmi o 4&m&(mzj:y^>i/is. pmosgh 

>$$2 1 Q&Bf&t*. ifcl^T. 0 9 
(i) tC^-r«t5lC, PMOSii|y-X/HW>I2 

1 6rt*ffiae>ixtr<i;3l'> iBCP tK2 o 

[0 0 5 6]#^T. 0 9 (j) lC^-r«fc5lC> Ptl 

2 o i fc»bTfc*tt««w**ff-3T. mm&mm<D 

6rttcy-x/h*w >€S2 0 1 ^-u . 

T, 0>I;L«4 5 OtOTfflMtS/'Jt^ FEJfcse;: 
$-&T. PMOSftV- X/KW >nM2 0 1 ii/'J 
3>SSl0 1tO#Mi;, PMOSfi!-/3 7h+-l 
• y-X/ KK>2 0 2 ZBrfL-fZ. 
[0 0 5 7] ->3<y h*-g^&- >© 
JB^&teilfitOLS lSia^P-feXtR«T*-5. T& 
t)^, BK*e^TEOS*CVDTlt«b, y-X/ 

FH>tiii4, 2 o lisiz/^^^y-hmsi 
i i±ica>^i7 h*-)i>*fflnv. ±.m&m&m m 

1ES) 1 1 7£x:x7;V^->>fclCTSM£-r 
dne,©»f®0ttmio*^ffitR«-pafes^e» 

[o o 5 8] «±©<t5ic-r-5t, ^5-y-h©m 

n-feX£0fcIg&£;M@K8iJMT£.5. *fcy-X*J 
=fctfF U"f >Stt{kOfcJ60igM^XS <fi# 10 0 0 

x:mm *fT5&mttu^v>'vmm.tfmw l \ztt.z>. 

[0 0 5 9] 2>b\Z, pnS&T!i<y3 7h+-M 
KiSy-X&Jctf KU"f >^fflliTt^fcae>v h i g 

h - k y- ivr i vc hm?- * *)is%>Mk*m 

m*m<1?%Z><D-CS- f a c t o r&§, b#l/><B« 

[0 0 6 0] U^fc, *SBSS»*TrttV— ^/HW> 
*J**tbT> NMOStPMOST-etl-enS^^^^ 

-Tifet)^. y 3 yb+-il (SE^r) *y-X*5J;UtH 
l>-f >ICffl^fch^>i?X^T«, ttSft^Kl^COffiT 

?**Mz*tVT\*±2ttti:mM&.Z&-Di'a v V*- 

[0 0 6 1] #S!i6ff2SgTte, NMOS FET(C*fUT 
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(8) 

13 

littW^/J^fcx^tr^A^yi^ F ( E r s 
i, ). PMOSFETK#Ur«f±*W&©*£&P 
t S i£/Bl>.&C NMOSFET. P 

mo s f e Tmn<Dm#mffi.z*% < ?*> c twojmtt 

Sfc. i/mv h^-SMW^S^CiKJcO. 
NMOSFET, PMOSFET^ft-eft©L£t>fiim 

[0062] £t*5. ^^USJ&J&Cfc^TH:. NM I S V 
-X/F W>tPM I SV-X/FU-OiMitCDJO 
S*jJ*tcur«>J:cn 10 

[0063] [03 <D9mjmi 01OH, 

3 0*JteKSSCC«to-5 NMO S F E T©«fi££^-r»r® 
HT*4. fcfc, @10«. y- FS*|Sj©IBrffi^l/ 
"CI**, a 1 Otcfc^-C. HI tffl— ^tgP^-tctilHI— 

*t*ttu •e-o^w^SBS-ri. ^«&B.®©#8H;t\ 

^•>'J3>1S3 0 1. «toii*^Ui3 0 2. 
iy>J=»m3 0 3*>£A«c-SSO I ««3 0 0 £8Il>-Cl> 

«. ^ i <D$mBmtmm<D®m u ? f > #f#6ft 20 
wmfcaroi^j:^ 'J 5- h#f#e>ft 

-r^ct)^. SO I -MOS F ETOV-X/ F U 

so i m&zmmr zct-osB v 

5. 

[0064] I* L <&"<■•&<!:. [1] V-X/FU-f> 
©m*!W5->3 ? h*-»SCDJ8!l*-C. SO I -M 
O S F E T©*S??l5MS*ffll$ljr t £. [ 2 ] S O I 30 

[006 5] [lfl4©IUSBS§] HI IB, *^<D® 

4 ©Hife^filtcGfife SNMOSFET ©tJSJ&^-rBTBS 
0C&S. ftfc. 01 1«, y- hS^lSjOKB^O 

VKU-Ol 15 jPMfittlMR 1 0 7 ©TSTf^-C 
ff 3 ft T t, > £ C <h (C £> £ . 

[0066] *^ssjfjsg{c «tft«. ^ i <onw&mtm 40 
*§©8mh (>y v h) *5t#6fts. -eftfeimc^jwT© 
j^so -j h*i»6ft*. y- ymrnt v 

-X/F W>£©ffi8t£JS<T.&C<!:K:J:i3. f-7> 
[0 06 7] ^«C. HI KC^-TNMOSFETOSgiS 

jm*®m?z>. hi 2 (a) tc^-r^jgtt, mi<om 
mmmic*s^xm2 (a) ~H4 (h) zm^xmiu 

©I*I£/afc:|&Bj-f 012 (b) tc^-rj^Jc, 50 



#^20 02-94 05 8 
14 

v-x/Fu-f 1 3 ©jggpjc&aj-r 

V- FfflM©T(CT h 4 0 1 4fsST5. 

[0068] -M>t?. hi 2 (c ) ^-ri^sc, 

-tiv F4 0 l*im*/cy-X/FU--r>«l 1 3ft£ 
««>iM?J:5ttE r^£ff$J&T£. ^C^. HI 2 
(d) tc^vrj^ft, CMPtE rill 1 4©affi5r¥ 

mtbx. mrntmm 1 o 4©3iB&&m<*-tt£ 

(C. y-VFM>»l 1 3l*3{CV-X/FlW>S 

@i nzmis&z. *lx. 4 5 o -caTcoae-cr 

--^tfoT. ->'J3>1S1 0 1 ty-^MFU 
•Y>M€b1 1 4i*JSJt;$tfr. E r S i , frhUhi/ 
B-y \-*-m&- V-VKU-Ol 1 5 
[0069] *%Mffl$jB(c J;fttf . 0 1 ©HliS0*g£|Bj 
8£©$jJH y -j Y ) a*&&n*. -eftJiW&cfcfeTF© 

/FU-f><0W©*7*> Fg (ifcB*-A'-5^ 

is. V-VFU-/>©i"Jt-f F{bJ5l5B$tC'> a > 
S«#f8&;*ft*»£. ±fS©J:5&CDE£m3&< 
xi> . y- h ffliJUTCc v-x/Fu-fW* >H#ft*i|l 

[0070] tm5©H^0!!i] HI 3 (a) ~H 1 4 
(h) «. *^©05©Hife}f$fllSC^t>-2.NMOSF 

ET©Mj&Xfi*^-rifiBTffiH-C*>.5„ %*J. HI 3 
(a) ~H14 (h) -C«y- hS^|6j©Biffi«:^l/-t: 

^S. XglBKSi^^tf^i, ST. HI 3 (a) 

T, @13 (b) «C7j^-<fc^(C. ST I (Shallow-tren 

ch-isolation) (Cjc^S^df^tf ^fcfe. 

^ggS 2 0 0 n mge©?»*0figb. iKTEOS- 

s i o, mzmeb&A-Bi&uxmttfmmmi 02% 

BESTS. fOT. i"J3^1Sl0 l©^M^.K{b 
{C«fc») 5 n mlg© SiO, 1103 *Bfi£Lfc^. ^ 
IKlOn mSS©-> U 3 >^fk^5 0 1 ?:Bfi£T-5. 
2a»-C, HI 3 (c) {C^r^^CC. i<>Va>m<tm5 
OUiC 1 5 0 n mgS©Jgll©T E O S - S i O, 

mzLPcvD&zm<<>xwmL. mr$mmmiQ4* 

[007 1 ] HI 3 (d) k:^-r<t5{C, EB 

ffiS^ yy^77^-icj:"3ft ^^fiSM^tcggp* 
Wr-SUi^X hMl 0 5£0l£U y-F»fiR^5£^« 
©HP^^JSl 045R I ESW»f>yi. y-F 

«io6?&^ts„ c©<h#. isvx>m<mso 1 

0 l*iX5.?>^^©4Ki<-. 

[0072] m^t*. HI 4 ( e ) {C^T<fc^K. US^ 
XF)il05 ?:l^*L/cm. -> >; 3>^tM©ltS. R 

1 Effi{Cj;Sx >^>i/^T^C<t-C. y-h$H0 6 
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^fiTTS. ffl"Jg«fejf:Ml 0 7 m^tzttKDR I 

Kf, m&mzmm?z>i'i)zi>&itm5 o 1 t>raa#tc^ 

>&*>R I ETiitS. 

[0 0 7 3] -A^X\ 014 (f) ^-Tck^Jc, g^-v 
*;M»« h 7 > v>X * (0 b £ ^ffi«BEISMffl ©-f * > 
mA&fttS.^ (m^iff) . HFffllTS iOjUO 

3 *»*-r-«. 

[0074] zvmtttwmteB&tmm-v&z. -rt* 
t>*>. 014 (g) \Z7R?£v\z, ^-»yntxs 

ffllrVT, y- httfltt^OT a t OgRl 0 8> AU7 

**;i/T i nii o 9 tA in i o iKommmm^ 
fts^^y- bmm 1 1 1 *y- nio6 tca^a. 

[0 0 7 5] ^UT, 114 (h) \Z7jk-r&?\Z, V- 

E rBto»efc!*V— X/HW>tSl 1 4=£1SJ6jX*. 
ffi*J*bfc&, 4 5 0t£tTffllST7--;H-5Ci:l; 
<fcoT. V-X/HW >til 1 4<h->'Jn>»£l 

0 1 tW^ffiC ->a y • V— X/ H W > 

1 1 5&BI$.-?Z>. 

[0076] *^jg^ir<tnfi. miommmmtm 
«<d#i* wuyM wens. -^ti^fcfe^Tw 
•ko^^'j^h^e-ns. immio 

4t5 nmggCS iO,il03 t.<Dm\ZT&tfi.Zntz 
1 0nmgS©->'Jn>^{tM5 0 lfCfcO, y-hE* 
BJt^ffi«©BMit6SyKl 0 4£R I EftTI^>^ 
U y-h«10 6 4Mt5it, ->U3>S{tM5 
0 1**, RIEXh^M-CSlSSfcU ->'J3>S 

«i o i*tx-y^>y$nfco, r i Ey*-i?&&\i 

[0 0 7 7] [SS6 ©UltfBfl!] 015 (a) ~ (d) 

015 (a) 

~ (d) -C«y-hg^[R]©»jE$r^bT^-5. 
J^SlTtt, ^^;i^y-hSr^Vi/>ffiT«^<. RIE 

^nt7Tf*i/tn5. xmrnizmmzft? t, £ 

1*. 015 (a) iZ7x?Jio\Z, Mft->U3>Ifil 
0 1 \Z S T I &ffi*flH>fc&^#8llft»JBI 1 0 2 

u ^**)i®.mzh7>vx*<DV%^®w.i£mmm 

cmr>m\*fto. *bT. ->Ua>Sffi*®(cy- 
•KfiWKtfftiUTTajOittl 0 8£ffi^-T5. 

[0 0 7 8] 015 (b) £jjVr«fc5fc. 

J^-h^tLTA l J7^?Jl'T iNMl09tAl 
Bll 1 0<L£flfi:fc*«bfc^ EBEJS^UVy^^^ 

-tR i Ej*tc^ o tci o y- h/i^->tc/-<^-- > 

yu /^^y-htii i l^m-rs. 

;py- Usui ©#j®ic0<jk.«->u n yg.itmz& 



zmmmmmi o 7£iM-r£. 015 (c> 

lC*-r«k-5IC, 2 0 0 nmSSOTEOS - S i 0 2 m 

[0079] znmmo&m&mtm&'c&z. 0 1 

5 (d) K*TJ:3K. y-X/HW >«(tt®JIIII!tt 

JHio4*i7^>^tfct. y-x/HU-f> 

mffil 0 45i;y3 7h*-^- V-X/KW>1 

1 5 £^-3-3. 

[0080] *^j6g^si(c<fctx«. y=-y-h«^)S 

<fcDfcIg&£;MItciiM«T#£. £fcy-X:fc«J;tfF 

>ett{twfcie)©jisiaf»x@ ranti 0 0 org 
«) &ft5>&mtft£^e>-c&mm$),\zuz>. t<t>\z. 

p n&^T&< ->3 v h+-^»C<fcSy-X*5«fc^K 
U"f>£fflt^T^ h i g h - k y— h*6JiK«r 

- f ac t o refell, bi^Mii«ffi<£M©$Mlfcft'=>tt 
777-f >-T?ffi*fi££*lS. 

[00.81] [17 tDmmmm] m 1 ©s»B»iB-ctt, 

0 1 I'Tpf NMO S F E TCO©i£:£&£0 2 ~ 5 V> 
TlRBJbfc. *%BJT«, 02~5^ffl^TlSBJbfcM 
IJffiiSMNMI SFET<D§Sig;S*££&BJ-r£. 

[0082] 016, nit *ftw<D?&7 ommmte 

K&fcSNMI S FET<D§!{)gIg£7H-ri*§!§r®0T 

jfe-r, 016 (a) Ksrrmigte, mi<D&m& 

»C*Sl»TH2 (a) -0 2 (c) SrfflUTSftBJbfcX 

16 (b) tr^T«fc^C, M I S FETCV- XRtfb* 

v-i >tfBf$.2nz>mmzMa&*m?z> u-jt, hm& 

BlfcVtcm, MSVX^Cira^Il 0 4& 

y s i Oi 1 1 o 3 sss?«i;x-^>^b y-x/ 

[0 0 8 3] ^CViT, 016 ( c ) tC^T «fc O \Z. # V 

->>ffi^fflViT, y-x/ h* i^-f >»rtic ->u 3>tS 

JfcbTi'U-tM HSMtS^^Ml 14<&H4<)jA* 
^-TS. ^CV^T, 016 (d) K^-f^C, ^^Jl/ 
«1 14t->U3>Sfil 0 1 ££J£j££i±Tv'J-y--f 
HA^i^S->3<7 y— X/HW >1 1 5 

[0 0 8 4] f«£*3, 016 (b) KSbfclgKfeU 

x. y-x/HW >»i i 3©jagR(cSda-rs->'j3 

>*ffi«r3 0 nmS«CDE-CX-y5 1 >y-rsc:tlC«fc 
0. y-h#M©T{rT>y-*y h*^b. 7>y 
h€:llJe))itJ«k5fCE rM«rS«6^*-^fiXbT ; b 

1 5 immw^t^mmmm, 1 o 7©T$t#u:Ti 
fiX^n^©T, y->m®ty-x/HL"f >h<nmm 
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[0 0 8 5] i*C^tf. 017 (e) IC^-r«fcPlC> ->3 
1 4Syy-x/FV-f>i 1 5K©JiWite»JKl 0 4 

jiicgaps^rrsi^x bm.7 o 1 sjE^-r-s. fb 

T. l/yx«7 0 1 £-?X£l;:Jff8»&&Bll 0451 
[0 0 8 6] 017 (f ) \Z7n-T£o\Z> V=s 

xM7oi *^bfcm> ->u ^y&imomm, r 

^A'^JWffl^w^un^SSi o nz. s io,lio 

3£tf-bT, F^>^X^CDb^^fiimBEgSSffl©'f^- 
[0 0 8 7] &<^T, 017 (g) tC5Vr«fc-5K:. IB 1 

v>nimmt.mmz. y-b*&&m*m<tbTT a,o 5 

H108, A'UT^^M i NBIl 09iAlI110 

[0088] *mmBM-v\t, V-X/KH >$J*)IC 

><hRjtxbT->'j-y--f KSr^js-r^feo-cs.n^. tts 

as i <Dmmmmx'\t. y 
-himm.m}**)W-Ym.m&T&tfL\^tcmz. v- 

[0 0 8 9] V-X/KW>«11 14iigttl 

t5»5MLfcl, S©ffl«gK^g«g»Bt£mbT 
f-Vffi<DWi$.*fto^li\z&-oT. V-X/FUrf> 

ic*t b ty- h mm z a cjsmw* z.t&-?z 

-So 

[0090] [ss 8 (ommmm & 2 ©siM^si-c«, 
0 6 kst cmo s f e T&mmjjte&m 1 ~ 9 &m n 

[0 0 9 1] 118~i20H XftWOm 8 ©^JgJ^ 

t&s. s-r, ii8 (a) \z^-rmmmit, 02 

(a) -02 (b) ^ffl^TUJBJbfcXST^^n-S 

[0 0 9 2] ^T, 018 (b) \Z^-r£5\Z. NM 
O S V-X/ K l^-f >^«^lcBBPgR**-rs 
h®&8 0 1 £JE5j£bfc«. U->*X hH8 0 1 SrVXi/fC 
iraifeS^l 0 45IS?fl*)CXyf >^U NMOSH 
V-X/HK >SS8 0 2Srm-T?>. *UT, 018 



(c) NMOSfflV-X/HW>i»8 
0 2l*}ZMlt>&tS£5\Z. tMI:Erill44«St 
3. 

[0 0 9 3] :fc^T> 0 18 (d) lC^-r<fc-5(C. E r 
mi 1 4K»bTfc*W*«W»*fro"t\ JRfflfMUR 
10 4OSSi£gai*tT, V-X/FH>SSl 1 
4£ffi2firf5„ fit, y-X/Kl"f >«ffil I4i 
~>'J 3 >S* 1 0 1 iWlfBlC, NMOSl^a y 
• V-X/ H U-i y 1 1 5 

[0 0 9 4] #C^T, 019 (e) K^-T<fc 5 K> PM 

o s v-x/ h v-i >Mf&mmzmam*m-r2> uvx 

Hi8 0 3*WLfci> l/yXhI8 0 3*7X^l; 

mmm$kmi o 4*mviM\zx.yT>ifL. pmosh 

y-X/HK>«8 0 4«t5. ^^T. 019 
(f) \Z7jkT£?\Z. PMOSl7-X/KW>S8 
0 4rt£JH&&tr<fc5K. £®KP t!20 l^its-r 

[0 0 9 5] A^X. 019 (g) IC^-TJ:5tC. Pt 

K2 o ifc»bTfc^*«w#*ffoT» era*gi8tM 

co:SffiS:®a}£-t!:T. PMOSiy-X/t<K>i8 
0 4rtty-X/HW>li2 0 1 5«t5. ^b 
T, 4 5 0'CKTOfiiaT->'J^ HBaBSSC 

£-trc, PMOSffly-X/HW>tS2 0 li->'J 
3>SSioii©#Ii;, PMOSffli'3 7^-i 
-& • V— X/ H K > 2 0 2 
[ 0 0 9 6 ] A^~C, 019 (h) fcjS'T.k'Jfc, V— 

x/ h w >«s 114, 201 ©— gp, Rtfv-x/ 

HW>1 1 5, 2 0 2@<Olffl«tlll 0 41CIIP 
<£*TfSVS?X hffi!8 0 5 5Jg^-r-S). fUX, l^yX 
h&8 0 5S:-7X^IC, PMOSffidRtfNMOSlBllWV 
-X/HK>tll 14, 2 0 1©»[P)t5WS8 
ffi-r*y-hSS8 0 6 a, 8 0 6bSMt5. 
T, 02 0 (i) tc5R-r«fc5K, ->'Jn>g{kMO*i 
8t, R I Etel£j:£X-y^>^£fTo-C> V-h«l 0 
6(Drtfi5»CfiiJS*g»M8 0 7SMf5. 
[0 0 9 7] 02 0 ( j ) JC^-TipfC, PM 

OS^A-^JUgfiKM^^ffitCSKWt-l/i'X M8 0 

8 0 6 am.m\zmtht^>^^zi>mw.i o i«^B»ch 
5>->'x^b#^fiimffiiiiSffl©'f*>*ttA-r^. -a 

02 0 (k) PMOSfY^M 
rit««aHS©U5?X hM8 0 8<&^*bfc^> NMOS 
^^^JUB^ffi^cCD^StCb-v'XMKS OOMl 
T. PMOS?t^«i«©y-hf8 0 6 bJSS 

»cBta-r^->U3>sisi o iis®f'h5>>'x^b^ 

[0 0 9 8] ^^T. 02 0 (1) iZ5kT&5\Z. ^1 

mi 0 8, ?V)T*f)VT i NMl 09iAlIl 10 
t^^^tlfc^^^y-hmffil 1 l^fiKf^.. 
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[0099] (jg9 (ommm) 02 n*. *5m<om 
mT&z> 0 02 itcte^x, 01 tm—u^dam— 

@2 i ccs-rj:^ um vY^-m&'V-x/ 

FU-Ol 1 5£pS8<D***jHH«2 1 1 1 ion 
CC, NS!©x^^f>J/ 3 >^2 1 1 2«^nt 
OS. ft*. ¥^ftSS<t or. S i 33#S«t2 1 0 1 
<hB0X®{tIB2 1 02tS i¥Sft« (? + *Jl'«M 10 
2 111. x**f->5x 3 >««2 112) itfHJlS 

[oioo]i/39 h*H8£ • v-VFu^>i i 

5ipl(D?t^;H^2 1 1 1 <fc©HIK:x*;*^>^ 
h>»2 1 1 2*»«rr**CCj:0. S/a»h*-PW 
(barrier) (Dig Ut. r^>y**CDmS^ 

H^eo^iseaasacctt, ±»*«*o. ii^3xio is 

rSi*PtSi%fflt>fe«&tc, 2/ 3 ?F+-8S^« 20 
-C^'Mf -/ (ballistic) 

^^>S/3>««iS«»«S©^F*e«aia[a&*, x*x 

*i % ofirt*fi«Ev tll 36sw<ao'rsfrL*5ft:»-c 

XBttRtf* * * JiHMKMH&W'r Sf * 

@# x * X > >> a > M^<£>±ES£&g> £ C t h *> £ . 
[0101] 02 S F E TOl?a& 

Xg*02 2 (a) -02 5 (m) *»l»TBWir*. 

x8ancttin«fTft9&. *-r, 022 (a) fcijvj-j: 

Si3W»R2 10 1, BOXKftR2 10 2, 

r^s i^»i2 io3^ai$n^«(tsoii 

[0102] »CCvC % 02 2 (b) k^tj:^ ST 
I (Shal low-trench-isolatio 

(OS i¥«fl*2 1 0 3*»*Uri»8 1 OOnmlg 
<Dj*«fcJ«U C©»rtCCTEOSR*»«>ii*JKl« 

u m+fttmmm 1 02 s 

ft® 2 1 0 3 OSfflCC 5 n mSfttiMftKf b(c J: OSiO 
, J8i0 3^Mts, -eur, S i¥3ttta2 103 
cc^rv-^4sJ:c>*Fu-<>i^^x^xf'>5>'3>«S 
«<0JBfiEO3rc«>©-f*>aA«rffot:, NKDi^Xf 
>^a>««2 1 1 2«»tirr&. As^ix 
1 0 19 cm" J g@[(D?SS<b^^»<i:5tc^^>aA*r^ o 

[0103] jfcor, 022 (c) icsvrjcSK:. f(D 50 



^20 02-94 05 8 
20 

±K1 5 0nmggcr>TEOS)K^LPCVDj£CCj:^ 

isit, MntfiiHRi 0 4t»*rs, cohmmi 

[0 104] ;>a>~c\ 02 2 (d) ct^-rj;^ s^- 
^-A©»sw>yyy^^ -f-ccjco u^x hMti 0 5 

««©Hlffl»«Hl 0 4*RI E (Reactive- 
ion-etching) &-cx?^>yu y—hM 
1 0 6*jgflc-ra Q 

[0105] 02 3 (e) tC^-T^^tC, U5> 

xmio5*»*ufcft, y-n»io6©rt««:« 
*.« 5/ y ^ one <t6»M»«i8 1 0 7 *»jstr 

£ e »Cl»"C. 02 3 (f) fC7jVr<fc5tt: % CCTjteK^ 
^SCcaAlfcnS(©x^Xf>V3>®«2 112^: 

^>^a>««<fc9fc?Ki6K Olx 1 0 l9 cm- 3 ) <D 

L&tHraEHSMBfcfTtt9. fit, 02 3 
(gr) (fCTjkir J; p^-it>aAi^2 2 0 l£r£ 

ttffcU PSS©***JU««2 1 1 
[0106] ^HJS0SCDh7>^X^-C«y-X/K 

-r&isvvj p«so^jES«ea 4 5o-c« 

T) rff2j&-rS (J|fllK3M*JBl>fcD e ep^tt 
JBfiSLftCO ^£&<D-C\ hJMHM 5 O'CfcLhO 

^9Sl»e(Ta 2 0,l t TiO, R Si,N 4 R 
(Ba, Sr) Ti0 3 , HfO, , ZrO, , La a O 
„ GdjO,, Y,0 3 , CaF 2 , CaSn, % CeO 
1 „ YttriaStabi I izedZirconi 
a, A1,0 3 , ZrSi0 4v HfSi0 4v Gd,Si 
O s , 2La 2 0 3 • 3S i O,, tt^) HftttRtc 

(T i N. WN, A 1 , W % Ru, Mo?) *ffifla-TS 

[0 107] fcLy- HBJSJE»(C8 0 0-1 0 0 0°CI1 

IWM^KttttUry-hWEEWSWbOfcO. High 

[0108] **»»ssr«y- h^ewwi itT 
024 (h) cc^T<t^tc, m«y- 

h?»l 0 6iSSB<DS i O, Ml 0 3«rSSU^t*^ 

«h^2 1 1 i£iiffli*-tf£ 0 *ut. y-h«i oem 
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h^-fHM) » K.tfTaj0 5 H 0 8£<$4nnu CV 

1. 5nm«Tift5. A'U T^^JWt UT, 

#1JK.«)KJ?5 nmiSfflT i Nll O 9£CVDK:T^ 
/£U ttX.tfKJll 3 0 0 nmgffiOWBI 1 1 0 £/£B|-f 
3. 

[0 10 9] 02 4 ( i) t^-r^K, T i 

Nil 0 9iWll 1 0 OSUffltitSrCMPffilCcfcDW 
y7y>ffil;<t5TEOSll 0 4iOT i N 
mi 0 9StfWll 1 0a>A;*-x>y£fToT, 
^y-f-wsi 1 1 ^fiTTS. 

[0 110] ^Oi, 02 4 (j) ^-r«fc-5ic, uv 

2 2 0 2£Jgfi)tbfc», l/^H2 2 0 2^7X^l; 
7-X/ F U"f >^C0BWif6^K 1 0 4 SSiRWKX 
>y^>^l&ScU V— X/ FW>I2 2 03 ^fiTT 

[o ill] 025 (k) t^-r<t-5tc> v— 

VFH>|2 2 0 3rt#Sa6&£n*<k5lc > #J*. 
ttEr«^45V-VHW>til 14*««t 
5. 02 5 (l) l^-TJ:5lc:, IMill 

0 4±©y-X/HH>fIl 1 4$rCMPft(Cj;0 
ffl^LT. V-VHK >#S2 2 0 3l*3(CV-X/H 

H>tai 1 4£it#&#.®firt3. s^k, 025 

(m) K5St\fc5K, fiST (?9Atf4 5 01C«TT) 
->'J1M HSe«&C3«T. S'Utf-f F**^ (E r 
Si,) £JE2j£U ->3 7^-M&V-X/HK> 

1 1 5*fsUT5. 

[0 112] V— X*5«fctf F W>©flM&teiIfg-©L 

s isaifiyD-fexi^-rfea. Tftfc*.. mmn&mm. 

TEOSfcCVDSreifltU V-X/ FV-f >*5«t0t 

a. 

[0 113] UAicoi^t-rat, «£*oy-7->>y- 

^gKfcafcaiK Xg&£A*Il;:8'J«T#.5. 

&Xg Giflfl 0 0 OtiS) £ffft?&g7!«C^©T 

[0 114] 2t>\z. OT©<t5&yv-»y-t-yo 
tXCD/ U y h fe^OSt#Mt5. tftt)^, [1] 
y-h£R I ETfc<CMPTto-T5fc*> y-h*e 

»:^5Xv^/-^iA^n&u. [2] m^y 
- hifemmiL-v* ffrf-hZR 1 Eanx-rs©***^ 

BUT* a *t#5E0J © -fe x t? tt-t (D&mtftz 

[3] y-hjroxSL «ffi^^¥S{t$nafcs6, fit 

^OSigXg^^tC^a. [4] V-X*5<fctfFW 



[0 115] $6.^*fc, SO I -MOSFETOV- 
X/Fl"f >\Zi/ 3 y h^-m^^jgffl-ra^tT, gS 

SO I ^IffltSIttya y 

[1] V-X/HW-f>©3R^tC*5lt-5-> 3 >y b*-© 

t©a*T, s o i -mo s f e To&m&mmm&m 
«T#a. [23 so im'&ommiz&K). fk>i 

[0116] (si onmmmm) *mmmm-z\t, n 

MOS FETiPMOS FETit->3 v V*— ■ 
v-x/ h u-r >£<8>Tf £R2/£#£Wgfc& CMO s 

f e Tomm.j3m\z-z>^T®.wrz>. 
[0117] x.\z* cmos FETcDn&fjm^m.m-r 

I2 6~i2 8H *^<0»1 OG)H]l60®fr^ 
bSCMO S F E T©KjtXS^*-rXSBf®0T* 

[0 1 1 8] 02 3 (a) -02 3 (e) JTIt S89 
©^)!i6Jgffi<hS^©TIRBJ^«BS-ra. <IU nMO 
S, pMOS®«Mn-ennSiplOIi'Xf>f 
3>I«2 112a, 2112b£MHfc<. ^© 
^OXS^JlfitClttB^t-^i, 02 6 (a) \Z7F.-T&0 

y- ng^3t<w«©jimite8aK 1 o a \zv- vm 

2 6 0 1 a, 2 6 0 1 b£ft*fi£U ^<DfHM\zmZ.li^ 
>J a >§<t®»C <fc3fflg*6&BI 1 0 7 
[0 119] 02 6 (b) \Zm-T£o\Z, PM 

OSFETiM«©ai*It>, NMOSFETJEjS 
M®(CB8P^-rai/>'X M2 6 0 2 ZBtfLL-rcWi. 
Xi?X^>->3 >$U£2 112 a IC# A £ttT 1^-5^156 

-H26oi a\z&mzmm-?z>x.? zt>>-3 >m 
«2ii2 a\zvm-f^r>&.xm.m2 2 0 1 & 
01*.^ *)im.m&pm*mmzt£z>&oiz. 

nSl^7f>->3>ffl«2 1 1 2a,tDfcilSS (> 
1X10 !9.c nr 3 ) ©3M**/W-^-»A^f¥J&3-.-£- - 
<ZX*>ffiAT, h7>>'X^©b^^ffimffi8SS ! fel^ 

[0 12 0] A^T. 02 6 (c) {C^-r«fc^C, Uv 5 
XMg2 6 0 2$i*Lfct, NMOSFEMM 
©«lS£?gt^ PMOSFETJgfiX^JC^PSrW-ra 
U^X M2 6 0 3«fsEim Xi/Xx>->3>^ 
IE2112 bJC^A^nT^a^^^fl-^^-Tcfc^ 
fc, i£#«3!!tfW*->ffiA£fT<^ y-M2 6 0 1 b 
lt)£gBltSm-r-5Xi/X^>>'3 >ffi^t2 1 1 2blCn 
M^*>i£Xmm2 2 0 1 b«n. 
^;^^nS^#:ic:^aj;^(c, pSJx^X^>-> 
3>«lll*2 1 1 2 b^DfcJgigffi (>1X10«C 
nr 3 ) <D^*r*)W*>}£A$:fff£o. -C-f*>ftA 
h7>^X^C0L€rv^SBEISgfc|HlB#(cfT^5. 



- 12 - 



#512 00 2-940 5 8 (P 2002-94058 A) 



CO 1 2 1] #t^-e> 126 (d) \Z7RT&o\z. 
XhK2 6 0 3£Rfc*bfc&. 'ft>ffiAt«2 2 0 1 
a, blCffiA^nfc-f *>©S14{fc^ff o^fflS^ff 
PSft*;l^«2 111a. Ni^v*JPffii£2 

1 i i b£»j*-r*. 

[0122] *%0joh7>> J x^-rtiv-x/HP'r 

>«1S$:X^X7 : ->->3 >M&2 1 1 2 a, 2112b 
tf4 5 O-CWTT) ^fiTT* (B&ft^M^Srffl^fcD 

5 o-c^oigiai^MSxe^fiEb^u. ufca»t> 

T. ff0Mt*JR-t>tt0!«#R (TajOsi, TiO 
2 BI. S i,N 4 JK, (B a, S r) TiO,. H f 

0 2 , Zr0 2 , La20, . Gd 2 Oj, Y 2 0,« C 
aFj, CaSnF 2 . C e 0 2 . YttriaStab 

1 1 izedZirconia, Al 2 0 3 . Z r S i O 
4 . HfSiO,, GdjS i 0 5 . 2 L a : 0, • 3 S i O 

y-hmffitCtt^^JW^ (TIN. WN, Al, W, 

[0123] z\c-v\tf^9<D^mmmtmm\z. y-h 

n*)7*9)VT i N£W©«/i$i£ £181^.5. 02 7 
(e) K3RT.fc5lc, y-hSOrtSPtC. TajOsil 

o 8Ryt, t i Nm£vfm.£f)mmzntz*?)V7- b 

[0 12 4] 02 7 (f ) K^-r<fc5K. U V 

-^ic«t o nmo sffloatTiRiAtcm □ 

5I/-^M2 6 0 4£Jgj£b*:&, U^M2 2 0 

2 (CNMO S«DV-7/ H W >8U&CDJII8Iii& 
ill 0 4£^MCXy^>^|&^bTNMOSffiijy 
-XRO!HW>i2 6 0 5 aS^t5. 0 
2 7 (g) KjjVr«fc5fc, NMOSfflV-XRi^KH 
>$f 2 6 0 5 artK^JWm, «»JAfiE ril 144 
iffg-rs. 127 (h) fc^-Ti^K. mffl1& 
ill 0 4±OE rMl 14«fUfct. eiST? <0H 
^.H4 5 0tOTT) Erll 14tIi7XT>ya> 
m*$.2 112 atO^'JIt'f HS^SfiHS-a-T^UIJ- 
-f (E r S i 2 ) £ffi2j£U -> 3 y 

[0 12 5] 128 ( i ) CjRT.fcSK, UV 

{f77J-&\Z£K), uyy^y^-^KioPMos 

bfc&. l^X hJK2 2 0 2*VX£KPMOS©y— 
X/ H U"f >Sf«£CDjI|li]jj&g:J& 1 0 4 4MKMtCX-y ^ 
>yi&*bTPMOS{My-x;&tfF W>«2 6 0 5 
bSMtl., 02 8 (j) tC^-T«fc5t'. P 

MOSfliy-XRtf Fl"f >SS2 6 0 5 brtK/^M* 
«A.«P t!2 0 1 £it«-T£. 02 8 

(k) K5RTJ:3fc. MIHI&tHKl 0 4±CDP ttt«R* 



*bfc&. <5MT (0!l*.tt4 5 0t«TT) S'Utf-f F 
KJte*ec^H±T-> , J-y--f F*^ (P t S i) £JBSfi£ 
U S'a y h*-&-&y-X/Fl<''f >2 0 2 b£ft*fi£ 

[0 12 6] y-X£J:tf F W>^j£&teii?ir©LS 
IElityn-feXt^Tfe^. fftfrt^ JRfflfeMRT 
EOS£CVDT?it«U y-X/ F >*5 Jctf^- 

(fflAtfCufEflO *fa7;pyv-»ffiCTWt 
^tie.©»rS0ttm8ro^]6g^«|tra^T*?)^e. 

[0 12 7] ^±<D«k^(C-r^i:. ti£*oyv->>y- 
X@gSc£;M'IK8<J«-T?€fS. **:V- 

&xg (iti o o onmm &fti3.-5&mifit2.we 

[0 12 8] *-$mMM-e\-tV—7./YV-1> 
#&<»:bT, NMostPMost^n-enss^^i' 

fc:b*5, yayht-fitt fcy-X&JctfFW' 

Xitsfctte. N^*;l4C*tbT«/hS&, SfcP^ 1 
v^;Kc*f bTfcMc£ftttW&£}$^->3 v b*-m 

ttttftttBKT&S. **M^J-e«, NMOSIC^bT 
tett*K»<&/jNS&x;Ulf£AS''J1M F (ErSi 
2) , PMOSfC*fbT«tt^H&©^:$^P t S i 4 
fflt^^tms©-?. NMOS, PMOSS*©I 

®}W.mzxz<?z>zttfi>im\ztzz. ->3!/K 

^-SM^^S^CtlCtO. NMOS. PMOS-e 

[0129] (si lommmm) 0291*. *?tw<o 
f&i ie>mmmm\z& ! t>z>mAosFETo>$imxm& 
*-rxe»f®0TJb-5. 02 9t?tti5iBj-r?>fcae) 

SOI-C&<, A*;^->U3>Sfii£ffl^TM,S 

t**. ^©tetiS9©^»^<hi^iiT&3^e>. © 

[0130] #jHj560iJ tc«ttl«. S O I igE©* U v F 

[0 13 1] 02 9 (d) T«, ^^;P->Ui^-f KWJg 
®*tX;5'X^>->3>^2 1 0 KDrtgPlr-^StlfcmJt 

[0 13 2] (Si 2CDSI)!ig^) 03 0~3 2 * 

ztwvwii 2<Dmmmm\zmt)^uosFET(Dmm. 

XSSr^-TXig»fM0TfeS. 03O~3 2"C« 

ittB^-rsit«)©y-hg^©Btffl^bT^s. 

MJgffi-Ttt. I«TEOSOTIC1 0nmggO->U 
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fc5jRT<fc5K:, Si$fifSS2 10 1, BOXKftM2 
10 2, RtfS i ¥^#11 2 1 0 3 7&t«Jf £tlfc¥&# 
SO I*«4ffljfr^>. 

[0 13 3]^T, 03 0 (b) \Z5Z?J:?\Z, ST 
I (Shallow— trench— isolatio 

(DS i ¥®#I2 1 0 3£Bfc*LT2?s£ 1 0 0 nm§K 

u m^ttMm&m 1 o 2Sr^-r^. s i 

fI2 10 3<D^SK5 nmgft©f&®tfkK:<J:0 S i O 
,1103 tLT, S i #£&Ji 2 10 3 

(c&TV-x&.fcL* H i/-f >tS5ii'XT>->3 

>->3 >«t£2 112 £ffi£f£-r-5. flIxJi. A s * 1 X 

I 0"cm-'igSoiia[<i:^J:^(C'f^->aA-r^. 
[0 13 4]^T, i3 0 (c) i;Sti?i:, f(0 

±^mm±\Z 1 0 nmgffi©->'j3>g{tBi3 0 0 1 
£ii*bfc&, 1 5 0 nmgffi©TEOSll 0 4£L 
PCVDffitC«tDJt^-r^.. 

[0 13 5] 03 0 (d) tC^-T<fc^»C, «T 

£K*j£U l^XMBU 0 5£-?X? cy-HKrit^Jt 
^Cimilil 04SRIE (Reactlve- 

ion-etching) STI-y^^b, y— hS 
10 6£JE*firt3.> d©i:€> ->'Jn>gfl;Bl3 0 0 1 
X-vJ-yVT, r-y/V-©«B.£&fcb. X?xy> 
->3>«H*2 1 1 2&X-y^>iftSiXZ>(DZffi<. 

[0 13 6] ^ctiT, 03 1(e) K5Vr«fc3 V~J 
X M 10 5 £ISfc*b;fc&. y- HI106 Ortfill^J 

u zi >mm\z zzmmtemm 1 o 7 £re^-r 
^>^ 3 >mm2 1 1 2 ^frsts-r s^ms© 

£AMt££J£14<t:U P1!<Z>:F^*JMW£2 

ffiMSfcRISfCfffc^Vre. 03 1 (f) , (g) Id 
7*-?£.o\Z. ?-Y*)im®.2 1 1 l±OS i 0,11 0 

3SHF&£-eiift*bfc». y-7-»ffi*ffl^x. y- 

Fffll 06 rtlr, Ta^sIlOS, T1NI109R 
JAVll 1 0 (/^^y-htil 1 1) tJEMflfr*. 

[0 13 7] 03 2 (h) \Z%k~r&o\Z. 

XM11 2*vxi7tcy-x/h*P-f>ffli 1 3£0 
EST*). -tbT, 03 2 (i) \Z5n-fJ:v\z, W-vXb 

II 1 2Si£LfcI, ^-»S£ffll,»Ty-7/H 
l>--f >$tl 1 3F*3(CE rill 4*^-T2>. fUT, 
fifiT (01*. tit 4 5 OtKTT) Erll 1 4iIJX 
^>->a>^2 1 1 2 ai©->'Jlf-f FKJ&£ig;i£ 
trT->'J1M' h'*^ (ErSij) £EJj£U ->a y 



J560U::<fcnfc£> SS9©^#l<h|ig&(02MI (^'J^h) 

ii'fe.ns. ^nvAmzhuToz^ti.*')? h#»e> 

tl-5. -r^tt>^> IffllTEOS©Tl:l0nmigffl 
->Un>g{kl<t5nmeS0S iO s l©««l=&^ 
j£bT^£fcis&, y-h«2j£^5tM*£»TEOS£R I 
E (React Ive— ion-etching) ffiT? 

RIEX h sr A— «>« a b . -> U a 
[0 13 8] ftii. ±iE^i6^iC|igit$n 

»io»^ii5^mftiT*D, y-h«is©*mat& 
jgTSofcA^ y-h&®.m<vttmmmn#-mn. y 

y-h*6gfei«*m#it5i£m#!-c< 

[0 13 9] ^-WM, *mW\t. ^<Dgg£&!5tb&<^ 
S&fflT. a*^bT*JS-r^^4:^lgTfeS. 
[0 14 0] 

mwomzki &.±m.wvrz&?\z*&wiz&n&. y 
s-y-hsjaivn:. y-htv-x/nw 

[oi4i] ^3 >v r- Jc^*^ v - 
[0®cof8#^8ftW] 

[01] IBl«)*M^tC«t)^NMOSFET(7)*f« 

[0 2] BHC*bfcNMOSFET©Sli6ie**-r 

[0 3] 0 1 tC^bfeNMOSFETcDSaitie^-r 
Xg»fffi0. 

[0 4] 01»C*bfcNMOSFETcDiSjfiXS : £;^-r 

T.mmwm. 

[0 5] 01tC*bfcNMOSFET«fijgXg$:^-r 

xs»f®0. 

[0 6] m2<DmMBm\,Z&t>Z>ClAOS FET0M 
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